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Background:
The aim of this study was to evaluate the value of semiquantitative analysis (SQA) of 99m
Tc-MIBI imaging in predicting early-stage cervical lymph node metastasis (CLNM) in thyroid carcinoma (TC).
Material/Methods:
TC patients (n=106) undergoing surgical resection and histopathological examination were enrolled. All patients received 99m
Tc-MIBI imaging prior to surgery. P-glycoprotein (P-gp) expression was detected by PT-PCR and immunohistochemistry. With pathological results as the criterion standard, the diagnostic efficiency of 99m Tc-MI-BI imaging in predicting early-stage CLNM was evaluated. The correlation of P-gp with 99m Tc-MIBI imaging was investigated. Logistic regression analysis was applied for analyzing the factors affecting early-stage CLNM.
Results:
The detection rate and misdiagnosis rate of Tc-MIBI scan showed statistical differences between metastasis and nonmetastasis groups in early and delayed T/NT and washout rate (all P<0.05). The percentage of P-gp-expressing cells and the expression rate of P-gp gene both exhibited statistical differences between metastasis and nometastasis groups (both P<0.05). Tumor diameter, lesion distribution, the percentage of P-gp-expressing cells, and the expression rate of P-gp gene were risk factors for CLNM (all P<0.05).
Conclusions:
99m Tc-MIBI imaging has value in qualitative diagnosis of early-stage CLNM in TC. Tumor diameter, lesion distribution, the percentage of P-gp-expressing cells, and the expression rate of P-gp gene were risk factors for CLNM.
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Background
Thyroid carcinoma (TC) is the most common endocrine malignancy, accounting for approximately 1% of all types of human cancer, with an increasing incidence reported worldwide [1] . Over 95% of TC derives from follicular epithelial cells, consisting of well-differentiated carcinoma (90~95% of TC) and poorly-differentiated and anaplastic carcinomas (1~2% of TC), whereas 3~5% of TC is a malignancy of parafollicular C cells derived from the neural crest [2] . It was reported that the incidence of cervical lymph node metastasis (CLNM) in patients with well-differentiated TC reached up to 20~90%, and that the metastatic spread of TC to cervical lymph nodes increases the risk of local or regional recurrence of the tumor and the need for further surgery [3] . Currently, preoperative ultrasonography is considered to be the most valuable option in predicting CLNM, but the sensitivity of ultrasound in detecting CLNM is not very high [4] . In recent years, novel imaging techniques for diagnosing malignant tumors has increasingly emerged, providing new insights into the early diagnosis of thyroid lesions [5, 6] . Technetium-methoxyisobutylisonitrile ( 99m Tc-MIBI) is a nonspecific tumor-philic imaging agent, commonly used in nuclear medicine due to its various advantages, including good physical and chemical characteristics, low cost, and easy-to-use properties [5] . Initially, Tc-MIBI was applied in myocardial perfusion scintigraphy, and has been widely used for diagnosing many malignancies, such as TC, breast cancer, lung cancer, and bone cancer [7] . On the other hand, P-glycoprotein (P-gp), belonging to the ATP-binding cassette (ABC) family of transport proteins, is a transmembrane protein encoded by multidrug resistance 1 (MDR1) and expressed in tumor cells as well as some healthy tissues, whose overexpression results in lower levels of intracellular anticancer drug due to its drug efflux function, and thus has been linked to resistant cancers [8, 9] . In addition, P-gp is also involved in regulation of apoptosis and proliferation, as well as invasion of malignant cells, showing prognostic value in several neoplasms [10, 11] . Therefore, we hypothesized that P-gp may also be involved in the pathology and prognosis of TC. The present study explored the relationship between P-gp expression level and Tc-MIBI imaging for diagnosis of early-stage CLNM in TC patients, so as to increase the probability of early diagnosis and treatment of TC. Tc-MIBI scintigraphy of parts of thyroid glands (the anterior aspect) was performed, using a conventional low-energy parallel-hole collimator with an energy peak of 140 keV and a window width of 20%. The magnification when performing scanning was 2.19-fold, with a matrix of 256×256 pixels. The early and delayed images were obtained 10 mins before radiotracer injection and 120 mins after radiotracer injection (1 frame for the early phase or the delayed phase; 5 mins for each frame). Scintigraphy results were compared with type-B ultrasonic results by 3 experienced nuclear medicine physicians, who chose a region of interest (ROI) of the same size from the early image or the delayed image, according to the thyroid lesions implicated by the 2 abovementioned imaging methods. The radioactive counts in a ROI and the counterpart (representing normal thyroid tissues) of the same image are expressed by T and NT, correspondingly. The radioactive count ratios (T/NT) of the early phase and the delayed phase were then calculated. T/NT >1.08 showed positive results. After attenuation correction, the 99m Tc-MIBI washout rate was calculated, following the equation: washout rate=T early phase -T delayed phase /T early phase ×100%.
Material and Methods

Ethical statement
Immunohistochemistry (IHC)
According to the IHC kit protocol (ZSGB Bio-Technique Co., Ltd., Beijing, China), ICH staining for P-glycoprotein (P-gp) was performed by the streptavidin-peroxidase (SP) method. Positive expression of P-gp was located in cell membrane or cytoplasm, shown as brown-yellow granules. For each slide, 5 microscopic fields under high-power magnification were chosen, and 200 cells in every field were counted for the calculation of the percentage of positive cells per 1000 cells. A percentage less than 10% was defined as negative expression.
Real-time quantitative fluorescence polymerase chain reaction (RT-qPCR)
Following the instructions of the mRNA Purification Minikit (Qiagen, Germany), mRNA was separated from total RNA extracted from TC specimens and its para-carcinoma tissues. Databases of the National Center for Biotechnology Information (NCBI) were searched for complete sequences of P-gp, b-actin, and the corresponding mRNAs. Primers (Table 1) were designed with Primer Premier 5.0 software, and further optimized for better specificity based on the comparisons of primer sequences using BLAST software in the NCBI databases. The volume of the PCR system was 25 μL and the PCR kit was purchased from Invitrogen (USA). The staining results were read under an ultraviolet (UV) transilluminator and we used Quantity One software for gray-scale value analyses. Positive results were shown as 2 strips representing the internal reference (372 bp) and P-gp (480 bp), respectively. The ratio of integral absorbance (Ai) values of 2 strips was associated with the relative expression of P-gp. Ai (P-gp) /Ai (internal reference) <0.1 showed negative results.
Statistical analysis SPSS 21.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. The measurement data were expressed as mean ± standard deviation (c _ ±SD) and analyzed by t test. The enumeration data are expressed in percentage and assessed using the chi-square test. A receiver operating characteristic (ROC) curve was employed to illustrate the performance of SQA of 99m Tc-MIBI imaging for diagnosis of early-stage CLNM in TC. Pearson product-moment correlation coefficient was used for correlation analyses. Logistic regression analysis was applied for analyses of factors related to CLNM. P<0.05 showed a statistically significant difference.
Results
Clinical data
The pathological results of the operations from 106 TC patients showed 71 patients with CLNM and 35 without CLNM. Based on the pathological results, the TC patients were assigned into 2 groups: the metastasis group and the non-metastasis group.
Gene
Primer sequence
P-gp
Sense primer: 5'-gcaagtcngttcatttgctc-3'
Antisense primer: 5'-cacaatctcttcclgtgacac-3'
b-actin
Sense primer: 5'-gaeaacgget ccggcatgtg-3'
Antisense primer: 5'-gaccttcaacaccccagcca-3' There were statistically significant differences between the 2 groups in multiple items, including age (<45 years/³45 years), sex (male/female), tumor diameter (£1 cm/>1 cm), and lesion distribution (unilateral/bilateral) (all P<0.05), except for the combined occurrence of Hashimoto's thyroiditis (HT) (yes/no) (P>0.05) ( Table 2 ).
Performance of SQA of 99m
Tc-MIBI imaging for diagnosis of early-stage CLNM in TC
The results of 99m Tc-MIBI imaging showed 68 TC patients with CLNM and 38 without CLNM; among them, there were 6 falsepositives and 9 false-negatives. Using the pathological results as reference, the detection rate and the misdiagnosis rate of 99m Tc-MIBI imaging for diagnosis of early-stage CLNM was 87.3% and 12.7%, respectively, and the false-positive rate and falsenegative rates were 8.45% and 25.7%, respectively. The ROC curve analysis of the results of 99m Tc-MIBI imaging (Figure 1) showed that the area under the ROC curve was 0.851, and the sensitivity, specificity, and accuracy of 99mTc-MIBI imaging in diagnosing CLNM were 87.3%, 82.86%, and 85.85%, respectively (P<0.05).
Relationship of SQA parameters and CLNM
The SQA parameters of 99m Tc-MIBI imaging included T/NT of the early phase and the delayed phase, as well as the washout rate. Before operations, there were significant differences between the metastasis group and the non-metastasis group in terms of all the above-mentioned SQA parameters of 99m Tc-MIBI imaging (all P<0.05) ( Table 3 ).
Expression level of P-gp
As seen in Figure 2 , immunohistochemical results demonstrated that the positive expression of P-gp was mainly located in cell membranes (yellow-brown granules) but seldom in cytoplasm. The percentage of P-gp-expressing cells exhibited a significant difference between the metastasis group (41.0±8.36%) and the non-metastasis group (27.0±7.02%) (P<0.05). In the metastasis group and the non-metastasis groups, the expression rates of P-gp gene were 0.64±0.13 and 0.33±0.18, respectively, showing a statistically significant difference (P<0.05) (Figure 3 ).
Relationship of P-gp levels with 99m
Tc-MIBI imaging
The correlation analyses of the percentages of P-gp-expressing cells and the washout rates of 
Logistic regression analysis
With CLNM as an independent variable and statistically significant factors (age, sex, tumor diameter, lesion distribution, the percentage of P-gp-expressing cells, and the expression rate of P-gp gene) from clinical data as dependent variables, logistic regression analyses were carried out. The results indicated that tumor diameter, lesion distribution, the percentage of P-gp-expressing cells, and the expression rate of P-gp gene were risk factors to CLNM (all OR >1, P<0.001) ( Table 4 ). Table 3 . Relationship of SQA parameters with CLNM.
SQA -semiquantitative analysis; CLNM -cervical lymph node metastasis; T/NT -radioactive count ratios. 
Discussion
TC is the most common endocrine malignancy, accompanied by metastasis in local cervical lymph nodes [12] . Thus, it is necessary to search for effective methods in diagnosing CLNM, which to some extent plays a positive role in the treatment of TC.
The present study found that 99m Tc-MIBI imaging can be used to detect early-stage CLNM and corresponding SQA parameters, as well as to predict the possibilities of CLNM. Tc-MIBI is a lipophilic cationic complex that enters cells by active transportation to the cell membrane, which has been widely used in nuclear medicine for the diagnostic imaging of the myocardium and parathyroid [13] . Since Tc-MIBI is absorbed quickly and accumulated in mitochondria-rich tumor cells [14] . Moreover, based on the fact that tumor cell metabolism is characterized by fast absorption and slow elimination, tumor cells were easily distinguished from normal issues under the effect of a nonspecific tumor-philic imaging agent 99m Tc-MIBI [5] . In addition, dual-phase 99m Tc-MIBI scintigraphy showed either a relatively progressive increase over time or a fixed uptake that persisted on the delayed imaging in cancer lesions, contrary to the uptake in the surrounding thyroid tissues [15] , and thus could be applied to exclude many benign lesions, such as inflammation. It was reported that in TC patients with metastases without 131 I uptake, 99m Tc-MIBI scan was very useful in diagnosing local recurrence and/or mediastinal metastases [16] . Thus, as a non-invasive and reliable diagnostic tool, 99m Tc-MIBI scintigraphy plays an important role in monitoring TC and other malignancies [17] .
However, it had also been demonstrated that both the percentage of P-gp-expressing cells and the expression rate of P-gp gene were much higher in the metastasis group than in the non-metastasis group, and that both the percentage of P-gp-expressing cells and the expression rate of P-gp gene were positively correlated with the washout rate of 99m Tc-MIBI imaging. P-gp is an active efflux pump that extrudes a large variety of chemotherapeutic drugs from the cells, leading to insufficient accumulation of drugs in the target tissues [18] . It has been confirmed that 99m Tc-MIBI, a lipophilic cationic complex, is a suitable transport substrate for P-gp and is widely used for tumor imaging [19] . Since 99m Tc-MIBI is able to accumulate in tumor cells and is then excreted by P-gp, a tumor with only faint uptake of 99m Tc-MIBI likely has high P-gp expression [20] . Therefore, considering the higher expression of P-gp in the metastasis group than the non-metastasis group and the biological function of 99m Tc-MIBI and P-gp, it was further confirmed that 99m Tc-MIBI imaging could be used for the qualitative diagnosis of early-stage CLNM in TC. Also, it is reasonable to speculate that the P-gp expression exhibits a positive correlation with the washout rate of 99m Tc-MIBI. In addition, a case report of a patient with malignant schwannoma after chemotherapy showed that the P-gp expression was much higher in the metastatic lesion than in the primary lesion [21] , which was consistent with our results in TC. Although P-gp is a membrane efflux pump that has a role in the excretion of 99m Tc-MIBI in tumors, P-gp expression has been confirmed to be not correlated with 99m Tc-MIBI uptake in tumors [22] . Thus, P-gp, only functioning to increase the drug clearance from the cells, was not a confounding factor for 99m Tc-MIBI imaging in the detection of CLNM in TC.
Conclusions
In conclusion, our study suggests that SQA parameters of 99m Tc-MIBI imaging could be applied to detect early-stage CLNM in TC patients. Moreover, the 99m Tc-MIBI washout rate was positively correlated with the P-gp expression. We found that tumor diameter, lesion distribution, the percentage of P-gp-expressing cells, and the expression rate of P-gp gene were factors affecting the occurrence of CLNM. However, the results of this study are limited due to its small sample size. Further studies are needed to validate the clinical value of SQA parameters of 99m Tc-MIBI imaging in diagnosing early-stage CLNM of TC. Table 4 . Logistic regression analyses of the metastasis group and the non-metastasis group.
b -partial regression coefficient; S.E. -standard error; Sig. -significance; OR -odds ratio; C.I. -confidence interval.
